SUMMARY The macrophage markers non-specific esterase, a ,-antitrypsin, a,-antichymotrypsin, and lysozyme were compared with conventional microglial and macrophage stains in the human central nervous system. In a series of specimens from cases of head trauma, conventionally fixed and embedded, the modified Weil-Davenport stain was unequivocally best for demonstrating reactive microglia. a,-antichymotrypsin, however, was the most effective for showing macrophages in a series of specimens from patients with other conditions, which included inflammatory, neoplastic, and non-inflammatory diseases. The non-specific esterase reaction was unsatisfactory in tissues fixed in neutral formalin but was successful in fresh frozen tissue. In a series of specimens from cases of multiple sclerosis, non-specific esterase showed demyelination clearly and stained neuronal cytoplasm. It also stained macrophages but was less satisfactory for lipidbearing phagocytes in multiple sclerosis than oil red 0.
Identification of lymphoreticular cells in tissue sections has recently been considerably improved by the use of immunohistological or histochemical techniques which enable cell specific marker molecules or enzymes to be detected. Thus histochemical techniques which show the presence of enzymes in macrophage or monocyte cytoplasm have been used to good effect. One such enzyme, non-specific esterase, has been shown in macrophages in sections of lymphoreticular organs such as tonsil and lymph node, lymphoreticular tumours, and smears or sections of pellets of peripheral blood monocytes. a, and ai-antichymotrypsin have likewise been shown immunohistologically in macrophage cytoplasm in tissue sections.68
Macrophages in the central nervous system respond to tissue damage, invasion by foreign antigens, and the presence of neoplasia. Many of these macrophages clearly originate from blood borne monocytes and invade the central nervous system parenchyma via a vascular route. Other phagocytes may arise from microglia resident in the brain which are mobilised in the presence of injury. ' These cells Accepted for publication 19 October 1983 *On leave from the Neurology Service, VA Medical Center, West Haven, Ct. are well visualised by the use of silver stains such as the Weil-Davenport stain. ' itis positively reacting cells were present in well defined granulomas and more diffusely within the subarachnoid space (Fig. 4) .71 cells of the cerebral lymphoma were negative for all the macrophage marker enzymes studied. In addition to staining of macrophages described above there was a considerable degree of staining of other cellular elements which was presumed to be non-specific. Heavy background staining of almost all tissue was seen in areas of necrosis, and in other areas astrocytes, particularly reactive astrocytes, gave a strong positive reaction for alantichymotrypsin (Fig. 6) , a,-antitrypsin, and lysozyme. Swollen oligodendrocyte cytoplasm in a few cases of head injury also stained weakly for a,-antichymotrypsin. In autolysed tissue neuronal cytoplasm and nuclei also reacted strongly. The staining of all these structures was diffuse rather than granular as in macrophages, but on occasion it could give rise to confusion.
Fresh frozen sections stained for non-specific esterase activity in multiple sclerosis showed a surprisingly clear demarcation of demyelination. Macrophages gave a weakly positive reaction. Lipidcontaining macrophages were generally shown more successfully in sections stained with oil red 0. In grey matter neuronal cytoplasm gave a strikingly positive reaction which made detection of parenchymal macrophages difficult (Fig. 7) . This neuronal reaction was particularly prominent in large neurones of basal ganglia, thalamus, pontine nuclei, and spinal cord anterior horns. As in the tonsil, we were unable to obtain a positive reaction for non-specific esterase after formalin fixation.
Discussion
It seems from the present study of cases of head injury that none of the enzyme markers for macrophages used here was as satisfactory as the WeilDavenport stain for identifying reacting microglial cells of the type that appear in the lesions after head injury described by Oppenheimer. '2 It was only at the latest stage at which we examined these lesions (two weeks after injury) that we obtained a weakly positive reaction for a,-antichymotrypsin in these cells, and antibodies to ac-antitrypsin and lysozyme were even less satisfactory at showing them. We have therefore failed to find convincing similarities with regard to content of these enzymes between reacting, Weil-Davenport positive microglial cells and conventional macrophages. Oemichen et al '3 failed to obtain a reaction for human resting microglia with an antibody raised against human myelomonocytic cells, but studies comparable with the present one on human reactive microglia have not been performed. The mechanism of action of the Weil-Davenport stain in demonstrating microglia is not understood, but appearances of the stained cells suggest that the stain may be deposited on the cell membranes. It is of interest that the same stain gave strongly positive results on tonsillar macrophages, which are strongly non-specific esterase positive but only a few of which gave a positive reaction for a,-antichymotrypsin, a,-antitrypsin, and lysozyme.
It is possible that the Weil-Davenport stain precipitates on the membranes of cells which have the capacity to produce these enzymes. The related question of whether reacting microglial cells show non-specific esterase reactivity is one that we did not investigate in this study. The question may be difficult to answer at the level of resolution offered by light microscopy because of the limited amount of cytoplasm in many microglial forms.
The widespread use of non-specific esterase as a monocyte-macrophage marker prompted this study of its application to the central nervous system. It worked well on fresh frozen material but not on material routinely fixed in formaldehyde and paraffin embedded. When used with haematoxylin it provided unexpectedly good resolution of demyelination. The oil red 0 stain, however, was more satisfactory in detecting lipid-containing phagocytes. Furthermore, although macrophages were identified, care had to be exercised because of the strong cytoplasmic reaction of neurones. These observations suggest that the application of the non-specific esterase reaction to the central nervous system needs further study.
In the study of inflammatory conditions the a, antichymotrypsin antibody was clearly superior to the a1-antitrypsin or lysozyme antibodies to demonstrate macrophages. The reaction was more intense for a,-antichymotrypsin than for the other two enzymes, and, in addition, ai,-antichymotrypsin, unlike a,-antitrypsin and lysozyme, was generally absent from neutrophils. Trypsin pretreatment of sections did not appear to enhance reactions reliably with any of these antibodies. Macrophages differed considerably in the intensity of their reaction with these antibodies. This may reflect differences in enzyme content or accessibility to react. Isaacson et al8 have produced evidence that a,-antitrypsin is synthesised in macrophages, and the amount of enzyme may well vary with the state of activity or exhaustion of the cells. Papadimitriou et a17 considered that the intensity of immunostaining of macrophages for a,-antichymotrypsin correlated with their phagocytic activity.
We conclude that the a,-antichymotrypsin antibody may be useful in distinguishing macrophages from other mononuclear inflammatory cells in the central nervous system. Non-specific staining of glial and in some circumstances, neuronal, elements needs to be taken into account when these antibodies are used as macrophage markers, but the morphological differences between macrophages and the other cells usually suffice to distinguish them. There remains a need, however, for a specific macrophage marker such as one detectable with a monoclonal antibody, perhaps comparable to the one recently described as specific for murine macrophages. '4 Miss Margaret Reading provided excellent technical assistance. This study was financially supported by the Multiple Sclerosis Society of Great Britain and Northern Ireland.
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